We discuss a virtual reality theater environment and its transition to a virtual community by adding domain agents and by allowing multiple users to visit this environment. The environment has been built using VRML (Virtual Reality Modeling Language). We discuss how our ideas about this environment changed in time by adding more facilities to it and by paying more attention to potential users. Rather than a goal-directed information and transaction system, the environment is evolving into a virtual community where differences between visitors and artificial agents can become blurred. Before going into a description of our own environment and its development we survey the research areas that now allow the building of 3D embodied and animated agents that show intelligence and personality and that can inhabit our environment.
Introduction
We discuss a virtual reality theater environment and its transition to a virtual community by adding domain agents and by allowing multiple users to visit this environment. The environment has been built using VRML (Virtual Reality Modeling Language). We discuss how our ideas about this environment changed in time by adding more facilities to it and by paying more attention to potential users. Rather than a goal-directed information and transaction system, the environment is evolving into a virtual community where differences between visitors and artificial agents can become blurred. Before going into a description of our own environment and its development we survey the research areas that now allow the building of 3D embodied and animated agents that show intelligence and personality and that can inhabit our environment.
Towards Multi-user Virtual Worlds
The first networked virtual worlds were text-based. They became known as MUDs (Multi-User Domains) and they allowed communication between users and access to a shared database with text descriptions of users and objects. In these environments the personality of a user shows in the contents and the style of the text utterances the user produces, his turn taking behavior and more generally the moods (as they show) and attitudes towards the community that can develop in such environments. Graphical multi-user environments were introduced in the 1980s. In a typical setting we have a background image showing the entrances to several locations or rooms in the environment or we are in one of these 2D locations and we can choose one of the other visitors (or all of them) to talk to. Typically, visitors can present themselves by choosing an avatar (a 2D object) and its predefined animations. These animations are simple (a waving gesture, a jump of joy, . . .). Most interactions are text-based, by using chat windows and text balloons that appear above the head of avatars that take part in the discussion.
With the advent of VRML, virtual worlds could be designed for Worldwide Web. Rather than for chatting, the worlds were meant to be explored, to explain or to allow the simulation of a particular activity in which the visitor was involved. Virtual reality applications were already there and rather than consider distributed virtual reality as a technology to design communities it was explored for all kinds of applications. Virtual worlds intended to meet other people entered the arena. In these worlds multiple visitors can share the scenes. In the more advanced worlds users can change parts of the world and can have sophisticated visual representations that can interact without being restricted to predefined gestures. An avatar can be made to resemble the human user by photographic means.
The worlds that we consider may have collision and gravity features that become visible in the movements of avatars. There can be real-time voice communication and in addition there can be lip-sync facial gestures. Despite adding such features, there remains an enormous gap when we compare the capabilities of the avatars and talking heads with those of the humans they represent. One way to close this gap is to give the human user the ability to control the avatar in a much more detailed way. One possibility is to have them explicitly controlled online by the user and captured from verbal and non-verbal input or from body movements. Also, in addition to the avatars that represent humans we can add domain avatars to the environment to increase the sense of reality. They should be animated, but preferably there should be possibilities to give them personality and capabilities to act on their own or on behalf of a user of the avatar or owner of the environment. That is, they need appropriate internal modeling to allow autonomous behavior.
Interacting Embodied Personalities
Agent technology is a research field that emerged in the 1990's and that can be considered as a field in which actors are developed, although not necessarily in the context of human-computer interaction or virtual communities. Without going into details and especially controversial details, we want to mention properties of software modules that are generally assumed to be present before being 'allowed' to talk about them as agents: autonomy, reactive and proactive behavior and the ability to interact with other agents (or humans). For an agent to act appropriately in a domain it has been useful to distinguish beliefs (what the agent regards to be true, this may change in time), desires (the goals the agent has committed himself to) and the intentions (short-term plans that it tries to execute).
Believability is a notion that has been emphasized by Joseph Bates, again in the early 1990's. An agent is called believable, if some version of a personality shows in the interaction with a human. Two main theories on personality which can be used to design believable agents are trait theory, where personality is a set of psychological traits that characterizes a person's behavior and social learning theory, where appraisal of the situation and the individual's history are taken into account. Main requirements for believability are (Loyall [8] ): personality, emotion, selfmotivation, change, social relationships and consistency of expression.
When we zoom in on the role of emotions, it should be mentioned that there are many subtleties involved when conveying them. Cartoon characters are allowed to exaggerate, giving more cues to the observer. Emotional cues shouldn't be in conflict with contextual cues. Emotional cues should be consistent during interaction; nevertheless they may change when interaction has taken place with the same user during a longer period, in time. Computational models from which emotional behavior can be generated exist, but are not based on well-developed theory. There-
